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Plan

ÅBrief review of our theoretical model

ÅRapid review of our results for neutrino-carbon cross sections

Å Investigation of the MicroBooNEinclusive d2ů/dpµdcosɗ, ů(Eɜ),

dů/dEµ and dů/dɤon argon

ÅSummary
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Neutrino-nucleus cross section

Nucleon properties  Form factors: Electric GE, Magnetic GM, Axial GA

Nuclear dynamics Nuclear Response Functions R(q,w)ª Nuclear Matrix elements 

IsovectorRt(t);  Isospin Spin-Longitudinal Rst(L)(ts¶q); Isospin Spin Transverse Rst(T )(tsxq)

Leptonictensor
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The cross section in terms of the response functions R(q,w):

ή ȟᴆή

Hadronic tensor
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Our theoretical model for Nuclear Response Functions 
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2p-2h:
two examples
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p ph h

Unified description of several channels 
M. Martini,  NuFact2022
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ɲ-MEC NN SRC
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ωQE (1 nucleon knock-out)
ωPion production
ωMultinucleon excitation

Several partial components

NN QE

ææ ÙN ææ 2p-2h ææ 3p-3h

Bare responses in semi-classical approximation ςlocal Fermi gas  

np-nh

NN 2p -2h Næ 2p-2h

q=300 MeV/c

Local Density Approximation (LDA)

3/12 )](2/3[)( rrkF rp=

Densityprofiles taken from experimental
nuclear chargedensitydistribution

M. Martini, M. Ericson, G. Chanfray, J. Marteau, PRC 80 065501 (2009)

also called NN 
Short Rang Correlations

also called ɲmediated MEC

also called NN SRC -ɲMEC 
interf.  or 1b-2b  interf.

bɲ ƛƴǘŜǊŦŜǊŜƴŎŜ    
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ring

coherent ̄
production
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Switching on the interaction: random phase approximation (RPA) 

Ù

exclusive channels:
QE, 2p-2h,ɲ N̄ Χ

M. Martini, M. Ericson, G. Chanfray, J. Marteau, PRC 80 065501 (2009)

q=300 MeV/c

Å External force acting on one nucleon is transmitted 
to the neighbors via the interaction

Å The nuclear response becomes collective

Several partial components treated 
in self-consistent and  coupled way
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12C
q=600 MeV

2p-2h ɲ-MEC

Examples of RPA nuclear responses  
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Isospin Spin Transverse Rst(T) Isospin Spin Longitudinal Rst(T)coherent 

ˉ ƻƴ-shell

per nucleon

q=300 MeV/c

QE

D(pN)

np-nh coherent

M. Martini, M. Ericson, G. Chanfray, J. Marteau, PRC 80 065501 (2009)
T. Katori, M. Martini, J. Phys. G 45 1,013001(2018)
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Electron scattering Pion scattering 

ˉ - 12C elastic cross-section 

ˉ

test for the 
coherentchannel

Testing our responses in other processes

+̄ - 12C
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